Objective: To evaluate the impact of a new early intervention service for first-episode psychosis on patient characteristics, service use, and hospital costs.
T rajectories of outcome in schizophrenia and related disorders are determined primarily in the first 2 to 3 years, which are referred to as the critical period (1) . The implications of this frequently replicated observation are twofold: interventions sustained over this period may have the greatest impact on outcome (2, 3) , and any delay in the initial treatment may portend a poor outcome (4, 5) . In the last few years, there has been a substantial growth of specialized "early intervention" services based on these observations (6, 7) . Most early intervention services provide phase-specific and comprehensive treatment, including novel antipsychotic medications, some modification of assertive case management, family intervention, and other psychosocial interventions (8) (9) (10) (11) . Although uncontrolled and controlled evaluations of a specialized approach to early intervention in psychotic disorders have provided moderate support for their greater effectiveness (7, 12, 13) , the promotion of these services has not been without controversy (14, 15) . It is important to examine whether early intervention services have an impact on the larger mental health system, beyond their effectiveness for the individual patients they treat. To do this, we must examine a different set of variables related to the broader health delivery system. This can either be done in the context of a randomized controlled trial involving a comparison between a specialized service and routine care (for example the OPUS and the LEO studies) or using a quasi-experimental design with either a parallel or a historical control.
Results of 2 recent randomized controlled studies comparing an integrated early intervention service to standard care favored the former approach. The OPUS trial conducted in Denmark has demonstrated significantly greater improvement in psychotic as well as negative symptoms, in comorbid substance use, and in adherence to treatment, together with reduced use of hospital beds for the integrated early intervention service (12) . The LEO study also reported a significantly greater reduction in the number of readmissions to hospital, favouring integrated treatment (13, 16) . While both uncontrolled and controlled studies have shown some benefits of an integrated early intervention service, the impact on several important patient and systemic variables remains unexplored. These include challenging aspects of treating first-episode psychosis patients, such as high rates of involuntary admission, suicide attempts, violence, legal involvement, and costs associated with hospital care.
The impact of introducing a new model of care may differ depending on the existing system of care, the legal limitations on providing care to patients who are unwilling to accept treatment, and the other policies related to delivering mental health care. To our knowledge, no study has examined the overall impact of the introduction of a new early intervention service for psychotic disorders on an entire population within a defined catchment area. In this paper, we examine whether the introduction of a new and enriched early intervention service for the treatment of nonaffective, first-episode psychosis introduced in a jurisdiction with a defined population (n = 390 000 to 400 000) had any impact on patient characteristics and resource use over the first 2 years of treatment. One of our additional objectives was to compare the hospital costs associated with delivery of care with each cohort over the 2-year period.
Method

Setting
This study was conducted in London and Middlesex, Ontario, Canada, with a catchment area population of 390 000 people in 1996. In 1997, a specialized early intervention service, PEPP, was introduced to serve the entire catchment area. PEPP was established to provide assessment and treatment to individuals, preferably in an outpatient setting, diagnosed with a nonaffective, first-episode psychosis. To maintain continuity of care, an inpatient component situated within the parent teaching hospital, with dedicated beds for treatment of first-episode psychosis, is operated by the same psychiatrists who have responsibility for patients in the PEPP. The treatment program in PEPP incorporates an assertive case management model modified to address the special needs of a younger, treatment-naive patient population. The details of the interventions have been provided elsewhere (11; see also www.pepp.ca). All costs associated with mental health care are paid from public funds, much the same as elsewhere in Canada. The catchment area had 3 general hospitals, with 78 acute care beds, and a psychiatric hospital. The psychiatric hospital had an acute inpatient service with 10 additional acute care beds that could be used for first-episode psychosis patients in emergency situations. During the study period, the total number of beds did not change and there were no other competing public or private hospitals in the region. In April 1998, however, all general hospital acute care beds for psychiatric patients were consolidated at one general hospital site with which PEPP is affiliated. There was no change in the number of total beds or in the availability of beds at the psychiatric hospital. Each hospital reports to the provincial Ministry of Health through the same centralized system and provides such information as discharge diagnosis and whether the index admission was a first admission to that hospital. As part of a reporting system to a centralized data collection of the Ministry of Health, all discharge diagnoses are coded according to the ICD and are convertible to DSM-IV codes. Ethics approval was obtained from each hospital to search its records.
Data Collection
Details of the data collection were provided in an earlier publication (17) . Case records for all first hospital admissions of patients diagnosed with a nonaffective psychosis (schizophrenia, schizoaffective disorder, schizophreniform disorder, delusional disorder, and psychosis not otherwise specified) were examined by 2 trained researchers (a BSc clinical nurse and an honours level psychology graduate) with experience in the field of psychotic disorders. They used a data collection protocol designed for this study (available from the authors). All cases reviewed were of patients aged 16 to 50 years. Each case was reviewed extensively to ensure that there had not been a previous hospital admission for treatment of a psychotic disorder. Cases from each hospital were also cross-checked to verify that patients had not been admitted to any other hospital in the catchment area for psychotic disorders. In situations where a diagnosis was questionable, the senior investigators were consulted and decided whether a case would be accepted or rejected from the study. Chart reviews included admission notes, any notes from emergency services, notes from each discipline during the admission, and discharge notes. Patients with a prior admission to any hospital for a psychotic disorder were excluded because they would not meet criteria for a case of first-episode psychosis entering treatment in a hospital.
To make comparisons between a 3-year period (1993 to 1995) before the introduction of PEPP (pre-PEPP cohort) and a comparative 3-year period (1997 to 1999) after the introduction of PEPP (post-PEPP cohort), we collected data for all patients admitted to any hospital within the catchment area who were diagnosed with first-episode psychosis. We chose to exclude 1996 because some aspects of the early intervention program were beginning to be implemented during the latter part of that year and the type of care available to new cases during this transition could have been ambiguous. For each patient in both cohorts, we also collected data for the subsequent 2 years on all the relevant variables (see below and also Payne and others, 17 For each patient with a first admission in the respective cohort, we collected data on several demographic, clinical and behavioural, and service use indices. The demographic characteristics included age, sex, education, marital status, living arrangements, and ethnic or cultural background. The clinical and behavioural variables were primary and secondary diagnosis, suicide attempts, violence prior to hospital admission, aggressive behaviour during hospitalization, injuries reported at the time of hospital admission, and legal involvement prior to admission. Legal involvement included being fined, arrested, placed in a holding cell, or on probation or parole; parole officer visits; legal appointments; police contact; and (or) nights in prison. Service use indices included the number and length of hospital admissions separately for a regular bed or an IOU and visits to the hospital ER (for details, see 17).
Data Analysis
We compared all data between the 2 cohorts, using t tests for independent samples for continuous variables and a test of proportions for categorical data. To examine the costs associated with hospital care for the 2 cohorts, we used data on the following variables: number of days spent in a regular hospital unit, number of days spent in the psychiatric IOU, and number of visits made to any hospital ER in the area. We calculated the cost of a hospital admission, an IOU admission, or a visit to the ER, using the cost (2002 Canadian dollars) of each unit of service as provided for the province of Ontario. We calculated the total cost for each period by multiplying the available (Ontario) average cost of each unit of service by the total number of times that unit was used over each 2-year period, including the first (index) admission. The cost of regular hospital bed use was based on the number of days patients from each cohort spent in a regular hospital bed over the respective 2 subsequent years. We then multiplied this number by the average cost of such a bed day ($492.10). The cost of IOU bed use was calculated similarly (unit cost, $1855.37). The cost of emergency psychiatric service was based on the average cost per visit ($237.44) without accounting for the amount of waiting time or the time it took for the evaluation. We compared each cohort's total cost to the system for the 2 years to calculate net savings or deficits. Using independent t tests, we also compared the group mean costs for pre-and post-PEPP cohorts. All analyses were done with SPSS Version 11.5 (SPSS Inc, Chicago, IL).
To determine whether the cost changes could be attributed to the introduction of PEPP to the system of care, we used regression analysis to model a linear decrease in hospital admissions, IOU admissions, and ER visits over time. For this purpose, we arranged data linearly by month and analyzed data by a time series analysis using the Chow test to determine the effect of the intervention (introduction of PEPP). The Chow test first separates the time series into 2 time series segments (before and after the intervention) and then tests the relations between the 2 subgroups by comparing the regression coefficients for the 2 groups. The test produces an F statistic, and a significant result is an indicator for a structural shift. Hospital admission data were skewed for patients in each cohort. Owing to this large difference between the hospital admissions, we used a log transformation to stabilize the variances. We applied Chow tests to both original and transformed data.
Results
According to all first admissions to hospitals in the catchment area, a total of 146 patients met inclusion criteria (firstepisode, nonaffective psychosis) for the pre-PEPP phase. This suggests a yearly treated incidence rate of 12.47 per 100 000 population (total population of 390 000 people) between 1993 and 1995. According to hospital records of admitted patients and records available from PEPP, 159 patients were treated for a first episode of nonaffective psychosis during the post-PEPP phase, which suggests a treated yearly incidence rate of 13.25 per 100 000 population (total population estimate of 400 000 people) between 1997 and 1999. Of the latter, 148 (93%) were treated in the hospital at least once during a 2-year period. Patients in the post-PEPP cohort entered treatment initially either through hospital admission (53%) or through a direct referral to the outpatient component of the PEPP (47%). For individuals who entered treatment through outpatient referral, the index (first) admission would have occurred after they received assessment and, possibly, initial treatment as outpatients.
Demographic Characteristics
Compared with pre-PEPP patients, post-PEPP patients were more likely to be younger (respective mean age 31. 3 
Clinical and Behavioural Characteristics
Diagnoses. The following outlines the proportion of patients diagnosed with various psychotic spectrum disorders for the pre-and post-PEPP cohorts, respectively: 90 individuals (61.6%) in the pre-PEPP cohort were diagnosed with schizophrenia spectrum disorders (that is, schizophrenia, schizophreniform, schizoaffective, delusional disorder, or psychosis not otherwise specified), compared with 114 individuals (71.6%) in the post-PEPP cohort; 12 pre-PEPP individuals (8.2%) were diagnosed with substance-induced psychosis, compared with 2 post-PEPP individuals (1.3%); and 44 pre-PEPP individuals (30.1%) were diagnosed with brief psychotic disorder and unspecified disorders, compared with 32 post-PEPP individuals (20.1%). There were no significant differences between the profile of diagnoses of each cohort. Fifty-six patients (38.4%) in the pre-PEPP cohort and 44 (27.7%) in the post-PEPP cohort had a secondary diagnosis recorded. The most common secondary diagnosis was alcohol or substance abuse or dependence, with relative frequencies for the 2 cohorts of n = 30, (20.5%) and n = 22 (13.8%), respectively (c 2 = 2.81, df 1; P = 0.06).
Suicide Attempts. Neither the proportion of patients who attempted suicide (25.34%, compared with 19.5%) nor the mean number of attempts (0.30, compared with 0.23) showed any significant difference between the 2 cohorts over the 2-year period. The results were similar for first as well as subsequent admissions.
Aggressive Behaviour During Hospital Admissions. There was no difference between the 2 cohorts in the proportion of patients showing aggressive behaviour during the index admission (31.5% and 27.6% for the pre-and post-PEPP cohorts, respectively).The difference in aggressive behaviour during admissions subsequent to the index admission, however, approached significance (15.7% and 9.4% for pre-and post-PEPP, respectively; c 2 = 2.8, df 1; P = 0.06).
Violent Behaviour Prior to Hospital Admission.The proportion of patients who demonstrated violent behaviour prior to the index admission was not significantly lower in the post-PEPP cohort ( Table 1) . Over the subsequent admissions, however, this difference was statistically significant (n = 35, 24%, and 17, 10.7%, for the pre-and post-PEPP cohorts, respectively; c 2 = 4.3, df 1; P < 0.05).
Injuries. The proportion of patients who suffered injuries prior to admissions over the 2 years was significantly lower for the post-PEPP individuals, compared with the pre-PEPP cohort (see Table 1 ). These differences were significant for both the index admission (Table 1 ) and subsequent admissions (n = 15, 10.3%, compared with n = 6, 3.8%, respectively; c 2 = 5.01, df 1; P < 0.03). Most of these injuries were minor and included those that were self-inflicted as well as those acquired prior to hospital admission during aggression involving others.
Legal Involvement. Information on legal involvement was reliably available for 115 and 119 patients in the pre-and post-PEPP cohorts, respectively. The proportion of patients who had legal involvement did not differ significantly between the 2 cohorts prior to first admission (n = 50, 43.5%, compared with n = 44, 36.97%, respectively, for the pre-and post-PEPP cohorts) or on subsequent admissions (n = 21, 14.4%, compared with n = 15, 9.4%, respectively).
Service Use and Costs
Hospital Admissions. There was a highly significant difference between the 2 cohorts in the average number of admissions over the entire 2-year period ( Table 2 ). The proportion of patients in the pre-and post-PEPP cohorts that required subsequent admissions were as follows: 79 individuals (54.1%) in the pre-PEPP cohort required a second admission, compared with 65 (40.9%) in the post-PEPP cohort; 37 pre-PEPP individuals (25.3%), compared with 29 post-PEPP individuals (18.2%), required a third admission; and 43 individuals (29.5%) in the pre-PEPP cohort, compared with 14 post-PEPP individuals (8.8%), required more than 3 admissions. The difference between the 2 cohorts in the average length of time spent in hospital during the 2-year follow-up period did not reach statistical significance (mean 60.18 days, SD 90.67, and mean 43.65 days, SD 60.90, for the pre-and post-PEPP cohorts, respectively; t = 1.85; P = 0.06). Individuals in each cohort had similar lengths of first hospital admissions (mean 31.03 days, SD 67.85, and mean 23.31 days, SD 28.84, respectively; t =1.31; P = 0.19). According to available data for 141 pre-PEPP patients and 155 post-PEPP patients, an equal proportion of patients required at least one admission to an IOU (n = 80, 56.7%, compared with n = 85, 54.8%, respectively). For the 2-year follow-up period, the post-PEPP cohort had a lower mean number of IOU admissions ( Table 2 ), but this difference was not significant. The length of such admissions did not differ between the 2 groups.
Emergency Hospital Visits. Compared with pre-PEPP patients, the post-PEPP patients made significantly fewer visits to the ER ( 
Involuntary Admissions:
The post-PEPP cohort had a significantly lower mean number of involuntary admissions, compared with the pre-PEPP cohort (0.87 and 1.18, respectively) with an overall reduction in the total number of such admissions from 172 to 138 (Table 2 ). When we excluded first hospital admission, this difference remained significant (mean 0.93, SD 0.92, compared with mean 1.18, SD 1.18; t = 2.0; P < 0.05). Although there were fewer total voluntary and involuntary admissions for the post-PEPP cohort, the proportion of patients admitted involuntarily remained unchanged.
Service Costs. The cohort's total number of hospital days in regular psychiatric beds over the entire period declined from 8786 in the pre-PEPP period to 6940 in the post-PEPP period. This is reflected by a difference in costs of psychiatric bed use ($4 323 590 during the pre-PEPP period, compared with $3 415 174 during the post-PEPP period) that reflects a net saving of $908 416 over the 2-year period. There was minimal change associated with the cost of IOU bed use: from $1 222 688 in the pre-PEPP period to $1 174 499 in the post-PEPP period). This is based on a slight decrease in the number of days such beds were used (659 and 633 days for the pre-and post-PEPP cohorts, respectively). The costs associated with use of emergency services were modest for both cohorts but did decline following introduction of the PEPP ($85 580 to $63 383). This cost decrease is based on a reduction in emergency psychiatric service use in the post-PEPP period (320, compared with 237, visits). The total hospital care costs for all types of bed use and ER use for a yearly cohort of first-episode psychosis patients were $1 877 286 for the pre-PEPP patients and $1 551 002 for the post-PEPP pateints, which suggests a net yearly savings of $326 284. We also calculated the average cost per case (see Table 3 ). Results indicate a significant cost saving per case of first-episode psychosis for both regular admissions and for visits to the ER.
Time Series Analysis for Service Costs.
Because the number of days spent in hospital is the primary source of costs, we conducted a time series analysis on this variable to assess whether the reduction in bed use can be attributed to the introduction of the PEPP. As shown in Figure 1 , admissions decreased over time, indicating a general trend over time.
However, there was no evidence for a structural change for the hospital admissions sum score in January 1997 after the intervention (Chow test was not significant for either original or transformed data). The best model was a linear trend for the whole sample, indicating an overall decrease over time. There is a general (decreasing) trend of hospital admissions, which makes it difficult to identify a structural change in short time series with high variability in hospital admissions (admission score changes from month to month). The lack of Chow test significance does not mean that there is no (structural) change, but we were unable to identify a change with the present data set.
Discussion
The objective of this study was to determine whether a specialized early intervention service for individuals experiencing a first-episode psychosis would be associated with a change in the characteristics of patients admitted to the hospital and in their use of relatively expensive hospital resources over the first 2 years. Our results suggest that, following the introduction of a specialized early intervention service, there are significant positive impacts on patient characteristics, for example, a reduction in the likelihood of violent behaviour and injuries suffered during subsequent admissions and a reduced likelihood of spending time in hospital during the early phase of the illness. Although the reduced use of hospital resources led to decreased costs, we were unable to confirm that these reductions could be confidently attributed to the introduction of the new specialized service.
Following the introduction of an integrated early intervention service, we observed no significant changes in the diagnostic composition of the patient population. However, patients were being admitted to the treatment service at a younger age and were more like to be male. The higher proportion of male patients in the post-early intervention phase may be related to the younger age of patients and the somewhat higher proportion of patients diagnosed with schizophrenia spectrum psychosis. It is possible that the pre-PEPP cohort of patients experienced longer delays in seeking treatment, which may partially account for their older age. Our data do not allow us to accurately estimate the delay or the more complex pathways to care that might have been associated with treatment of pre-PEPP patients; it is possible that patients in the post-PEPP phase received treatment sooner. Our PEPP data base indicates that median duration of untreated psychosis for the post-PEPP cohort was 26 weeks. We previously reported a decline in duration of untreated psychosis during the first 3 years of the introduction of PEPP (18) . This decline was not statistically significant.
We observed a significant decrease in use of regular beds and hospital emergency services as well as a significant decrease in the number of involuntary hospital admissions. The reduction in the latter is likely related to a decline in the rates of violent behaviour and injuries to patients in the post-PEPP phase, especially for hospital admissions that occurred after the initial admission. The significant reduction in the number of involuntary admissions and in reports of violence and injuries related to subsequent admissions may be a consequence of close therapeutic relationships and frequent monitoring established through the assertive case management service. The latter has a relatively low patient-therapist ratio and the early intervention service emphasizes family intervention throughout the first 2 years of treatment. Although a lower overall number of patients in the post-PEPP phase are being admitted to hospital both voluntarily and involuntarily, the proportion of involuntarily admitted patients remained high. This may reflect several disparate reasons, including lack of adherence to treatment despite close monitoring and intensive treatment, lack of alternatives that may serve as a transition between hospital beds and home care when a relapse cannot be managed at home, lack of specific intervention in the early intervention service to reduce risk of crises that lead to involuntary admissions, practice patterns of physicians working in the emergency department and how they relate to patients with psychotic disorders, and lack of impact of the early intervention service on suicide attempts. The latter has been confirmed by several previous reports, including the 2 randomized controlled studies of early intervention services (12, 13) .
Costs associated with hospital care for this patient population over a defined period (2 years) were reduced by almost $1 million over the entire period or more than $300 000 for each annual cohort of first-episode psychosis patients. One could argue that these savings were possibly offset by the costs associated with operating the PEPP. However, we do not have comparative data regarding costs associated with outpatient care of first-episode psychosis patients who were treated in the pre-PEPP period. Further, no new funds were allocated to the system for introducing the early intervention service, and the total operating costs of the PEPP were made available between 1997 and 1999 through reorganization and consolidation of community mental health funds previously used to operate 2 separate clinics in 2 general hospitals. Both funds were originally designated for serious mental disorders. Such shifts in assignment of resources have generally been the cornerstones of mental health policy in most jurisdictions and may assist in financing new initiatives such as early intervention services.
While the reduction in costs did follow the introduction of the early intervention service, time series analysis of our data did not confirm that the reduction in costs was clearly the result of the introduction of the service; the cost decrease may have been part of a trend that began before 1997. As previously discussed, there was no reduction in total number of beds, nor were there any other changes made in the delivery of services to patients presenting with a first-episode psychosis. We lack reliable data on cases of first onset of other disorders, which would help us to determine whether there was a general trend of reduction in the use of hospital resources for other disorders as well. A general reduction in use is unlikely because the total number of hospital beds and bed occupancies remained unchanged. It is likely that introduction of a new service will take longer than 2 years to consolidate its effects, and linear data over a much longer time period may be necessary to determine whether the reduction is definitely related to the new service.
Few other studies have examined the cost implications of early intervention services. Mihalopoulos and others (19) sought to evaluate the cost efficiency of the EPPIC program in Australia. Results demonstrated that the introduction of an early intervention program (the EPPIC) was more costefficient than the pre-EPPIC treatment model. Most of the cost savings came from the reduction of inpatient hospitalizations. Once this value was removed from the cost equation, it appeared that the post-EPPIC treatment model was more expensive.
To the best of our knowledge, this is the first attempt at estimating the impact on hospital-related indices of patient behaviour, service use, and costs associated with treatment of new patients diagnosed with nonaffective first-episode psychosis following the introduction of a new specialized early intervention service in a defined catchment area. Although some patients (for example postsecondary students) might have left the area and been admitted elsewhere during the later 2 years of data collection, there is no clear reason why the likelihood of this would differ systematically between the 2 time periods being contrasted. Indirect costs associated with any change in patient behaviour that may occur as a result of the introduction of an early intervention service are beyond the scope of this study.
Our study has several limitations. We confined our data only to hospital admissions because of the lack of reliability, as well as limited availability, of data on outpatient care for all first-episode psychosis cases in the pre-PEPP phase. A quasi-experimental design using a historical control, such as we have used, poses certain inherent limitations because the changes observed since the introduction of the early intervention service may not necessarily be attributable to the latter. However, a randomized controlled design has the practical limitation of excluding many patients because they refuse to become involved or because they are not in a position to give consent (for example, involuntary status). The entire impact on the hospital system, therefore, cannot be adequately examined. A parallel control may be an option in jurisdictions where there is complete uniformity in terms of population size and composition and the nature and quality of available services for the 2 examined communities.
Our study has the strength of covering all admissions to hospital for first-episode psychosis in a defined catchment area and using a rigorous procedure to ensure that patients with previous hospital treatment were excluded and that subsequent data were collected over a defined period of time. In addition, the nature of the health care system, which is publicly funded with no private services available, makes our sample as close to an epidemiologic one as possible.
